Background: Tourette syndrome is a combined motor and vocal tic disorder that begins in childhood and takes a chronic course. It arises in about 1% of all children, with highly varying severity. Transient and usually mild tics are seen in as many as 15% of all children in elementary school. The diagnosis is often delayed by several years.
T ourette syndrome is a neuropsychiatric disorder that begins in childhood and is characterized by motor and vocal tics. It is named after Georges Albert Édouard Brutus Gilles de la Tourette (1857 Tourette ( -1904 , a pupil of Charcot at the Salpêtrière, who published the first case series of patients with this disorder. The motor and vocal tics typically fluctuate in number, frequency, intensity, and complexity over the course of the disease. Until very recently, Tourette syndrome was thought to be exceedingly rare (an "orphan disease"); epidemiologic studies have revealed, however, that tic disorders are actually quite common, and that their diagnosis is often delayed (e1). Many patients with tics suffer from stigmatization and prejudice for years until the true nature of their problem is recognized.
This review is based on pertinent publications from 2000 onward that were retrieved by a search in the PubMed, PsycINFO, and EMBASE databases with the key words "Tourette syndrome" and "tic disorder," and on the guidelines of the European Society for the Study of Tourette Syndrome (ESSTS), published in early 2011. The ICD-10 diagnostic criteria, clinical features, diagnostic assessment, and treatment options for Tourette syndrome are presented from a combined child/ adolescent psychiatric, neurological, and adult psychiatric perspective. The purpose of this review is to improve physicians' understanding of this complex neuro psychiatric disorder and of the comorbidities that often accompany it.
Definition and clinical features
A tic is a rapid, repeated, non-rhythmic movement or sound production that occurs suddenly, serves no purpose, and is experienced as meaningless. Tics are classified by their quality (motor or vocal) and their degree of complexity (simple or complex). They can appear isolated or in combination, and they can be either transient or chronic.
Tics in children of elementary-school age are often mild and transient and cause no impairment, so they cannot be called a disease in the narrow sense of the term. Their correct diagnosis is important, however, so that the child's parents can be told what the problem is and what to expect, preventive action can be taken against prejudice and teasing, and inadequate treatments can be avoided. Even today, the time to diagnosis is often as long as 5 to 10 years (1, e1).
Typically, tics are preceded by a unpleasant "premonitory urge," i.e., the feeling that a certain type of tic is about to be produced; the feeling disappears as soon as the tic is actually produced (e2) . Another typical feature of tics is that they can be voluntarily suppressed, though usually only briefly. Both of these phenomena -the premonitory urge and voluntary suppressibility -are age-dependent, being more prominent in adults than in children (2) .
Motor tics
Simple motor tics, by definition, affect only a small number of muscle groups and involve only shortlasting, circumscribed movements. They are most often seen in the face and head, with ocular tics being particularly common. In contrast, complex motor tics are defined as those that involve multiple muscle groups and/or seem to fulfill a purpose. Copropraxia, echopraxia, and palipraxia are special types of complex motor tics (Box 1).
Vocal tics
Throat-clearing and sniffling are the most common kinds of vocal tic; exclamations and shouts are much rarer. Especially in children, tics are often misdiagnosed as an airway disease such as asthma or an allergy. Coprolalia, echolalia, and palilalia are complex vocal tics (Box 2).
Coprolalia is the clinical manifestation that the public most commonly associates with Tourette syndrome, although it is present in only 19-32% of patients (3) . It usually involves the uttering of short words that are considered to be foul language, often of an obscene nature (Box 2). Coprolalia is more common in more severe cases of Tourette syndrome with multiple comorbidities (3).
The ICD-10 diagnostic criteria for tic disorders Tourette syndrome -Tourette syndrome is a combined vocal and motor tic disorder with, by definition, at least two types of motor tic and at least one type of vocal tic. The ICD-10 diagnostic criteria further require the onset of illness in childhood or adolescence, duration of at least one year (though there may be symptom-free intervals lasting several months), and fluctuation of the the tics over time. No particular degree of severity is required.
Chronic motor tic disorder -Chronic motor tic disorder differs formally from Tourette syndrome exclusively in the absence of vocal tics. The motor tics are usually milder than those seen in patients with Tourette syndrome, and the comorbidities are rarer and generally less severe.
Chronic vocal tic disorder -Chronic vocal tic disorder is rare. It is characterized by the persistent occurrence of exclusively vocal tics. Comorbidities are just as frequent as in Tourette syndrome.
Transient tic disorder -Transient tic disorder is seen only in children and is characterized by tics that disappear within one year. These are usually mild, simple motor tics that the children themselves may not even notice (Box 3).
Epidemiology and clinical course
The worldwide prevalence of Tourette syndrome is thought to be about 1% (4) . It is assumed that as many as 10-15% of children in elementary school have transient simple motor tics. Boys and men are affected about four times as often as girls and women (4, e3) .
Tics usually appear with gradually increasing intensity between the ages of 6 and 8 years (5, e1). There is BOX 1 Examples of simple and complex motor tics
• Simple motor tics -winking, blinking, eye-rolling, wide eye-opening (without moving the eyebrows) -eyebrow-raising -wrinkling or turning up the nose -puffing up the cheeks -mouth opening, pulling the corners of the mouth -lip movements -sticking out the tongue -jaw movements -frowning -grimacing -tooth-chattering -head-shaking, throwing, turning, twitching, or nodding -shoulder-shrugging -arm and hand movements -abdominal movements -trunk movements -leg and foot movements
• Complex motor tics -seemingly intentional movements, facial expressions, gesticulations with the head, hands, arms, trunk, legs, feet -picking at clothes -hopping, jumping -clapping, finger-tapping -spinning -bending and bowing the trunk -wide arm movements -foot-stamping -dystonic tics (rare) with slow turning movements -writing tics -echopraxia: non-purposeful imitation of other persons' observed movements -copropraxia: making obscene gestures such as showing the middle finger, indecent movements of the trunk and pelvis, crotch-holding -palipraxia (rare): repetition of one's own movements (auto-aggressive behavior) no relation between the age of onset and the severity of the tic (e3). Motor tics appear, on the average, two to three years earlier than vocal tics. Typically, the initial manifestations of the disease are simple motor tics involving the face and head. No particular criteria ("markers") have yet been identified that could be used to predict the future course of the disease (5). The tics are at their most severe, on average, between the ages of 10 and 12 (5, e4) . About 90% of patients have spontaneous improvement after the tics reach their peak. This is reflected in the much lower prevalence of Tourette syndrome in adults (6) . There is still debate, however, over whether chronic tic disorders ever fully disappear, and, if so, how often (1, e3, e5-e7) . In all cases, there are spontaneous fluctuations in the localization, number, frequency, complexity, type, and severity of the tics. Most patients say that the tics become more frequent when they are under emotional stress (e8, e9) and less common with relaxation or concentration (e10). Tics are suggestible and can sometimes be evoked by external stimuli, e.g., a discussion of tics during a medical consultation. So-called echo phenomena can involve imitation not only of the voluntary movements of other persons, but also of other patients' tics (e11).
Diagnosis
Tic disorders are clinically diagnosed on the basis of a detailed history and a neurological and psychiatric examination. Further diagnostic evaluation is only rarely needed, e.g., when the manifestations are atypical or when a secondary tic disorder is suspected (7) .
The term "tic" should be used only to denote hyperkinesias and sound productions that meet the defined diagnostic criteria. Neither conversion disorders with tic-like movements nor movement disorders of unknown origin should be designated as tics.
Tics are usually easy to distinguish from other types of hyperkinetic movement, such as:
• restless legs syndrome, and • focal epileptic seizures.
Differential diagnosis
The disorders that are most difficult to distinguish from tic disorders are the following: (e12, e13) , and • (less commonly) dystonia and myoclonus (7) .
In rare cases, tics can arise as a manifestation of another disease (e.g., Wilson's disease, neuroacanthocytosis, Fragile X syndrome, Sydenham's chorea, Huntington's disease); they can also be iatrogenic or substance-induced (e.g., by carbamazepine, phenytoin, lamotrigine, amphetamines, dopaminergic BOX 2 Examples of simple and complex vocal tics
• Simple vocal tics
-throat-clearing -sniffling, snorting -coughing, rasping -snuffling -blowing out the lips/tongue (making a "raspberry") -inhaling or exhaling noisily -squeaking, squealing, grunting -whistling, humming -shouting -saying syllables (hm, eh, ah, ha) -making animal noises or other sounds -spitting
• Complex vocal tics
-echolalia: repetition of heard sentences, words, sillables, or sounds, not for the purpose of communication; can also lead to the generation of new tics -coprolalia: saying obscene words -palilalia: involuntary repetition of one's own spoken words -blocking of speech, stuttering -saying fragments of speech -saying other socially inappropriate words (NOSI = "nonobscene, socially inappropriate behavior," e.g., "fat, fat, fat," "help, help," "yes, yes, yes")
ICD-10 classification of primary tic disorders
transient tic disorder (duration < 12 months)
chronic motor or vocal tic disorder (duration > 1 year, no remission for longer than 2 months,only motor or only vocal tics; first tics before age 18)
combined tic disorder, at least one vocal and at least two motor tics (Gilles de la Tourette syndrome)
• F95.8:
tic disorder, unspecified drugs, or cocaine). Tardive tics are a rare complication of neuroleptic use (7) .
Comorbidities 80-90% of patients with Tourette syndrome have not only tics, but also psychiatric manifestations (8) . The number and severity of accompanying disorders rise as the tics become more severe (5) . Among patients of all ages with Tourette syndrome, children are the most likely (50-90%) to suffer additionally from attention deficit-hyperactivity disorder (ADHD) (8, e14, e15) . Other common comorbidities in childhood that often markedly impair psychosocial functioning are the following:
• obsessive-compulsive behavior and anxiety (e16) • impulse-control disorders (in the terminology of the DSM IV-TR, "intermittent explosive disorder")
Adults often have obsessive-compulsive symptoms or behavior as well as auto-aggression, depression, and sleep disorders; addiction and autism spectrum disorders are less common (1, 5, 8) .
As studies have shown, the health-related quality of life of patients with Tourette syndrome is impaired above all by the accompanying psychiatric disorders-in children, mainly obsessive-compulsive disorder and ADHD; in adults, mainly depression (9, 10) .
Etiology
Structural and functional imaging have revealed abnormalities in the motor and somatosensory portions of the corticostriatal-thalamocortical circuit (11, 12, e22, e23) . In addition, recent studies have shown that structures outside this circuit are also involved-in particular, the limbic system (13) . A major pathophysiological role for the dopaminergic system has been presumed ever since the discovery that dopamine-receptor antagonists can alleviate tics. It seems most likely that an abnormality of presynaptic regulation exists in combination with phasic dysfunction of dopaminergic transmission (14) . Further transmitter systems seem to be involved as well; impaired functioning of the serotoninergic system is postulated (15) .
Genetic and environmental factors
Family studies and molecular genetic studies have revealed that tic disorders have a major genetic component (e24-e29) . It is currently estimated that the firstdegree relatives of a patient with Tourette syndrome have a 5% to 15% risk of developing the disease themselves and a 10% to 20% risk of developing any sort of tic (16) . Many candidate genes have been identified, and the pattern of inheritance seems to be complex (Box 4) (17-19, e29, e30) . In addition to genetic factors, environmental influences seem to play a major Non-genetic risk factors
-smoking during pregnancy -psychosocial stress during pregnancy -intrauterine growth retardation, low birth weight
-premature birth -perinatal hypoxia
• Postnatal:
-infection,especially Group A β-hemolytic streptococci (GABHS) with PANDAS ("pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections"; it is unclear whether the temporal association reflects causation or coincidence) (20) -psychosocial stress (often worsens tics) role as well. It is presumed that a combination of genetic vulnerability and environmental influences results in the development of tic disorders (20, e24, e26, e28 
) (Box 5).

Treatment
For many patients and their families, the diagnosis itself brings considerable relief. If the patient is a child, it is important that his or her teachers and other significant adults should also understand the nature of the condition. Thorough patient education should include not only information about the cause and future course of the disease, but also counseling on social issues such as the various types of compensatory aid that are available, how to request certification as a disabled or severely disabled person, the issue of driving, and the choice of an occupation (e31). Psychoeducation should always be the first step of treatment (Figure) . It is not at all rare for patients to feel stress as a result of their tic disorder for no other reason than the way others respond to it (intolerance, teasing) (e31).
Tics cannot be cured, nor is there any causal therapy. Even symptomatic treatment is problematic, as no form of treatment is available that can simultaneously alleviate all of the manifestations of Tourette syndrome and its comorbidities. Tics should be treated symptomatically when they produce marked physical or psychosocial impairment. None of the available treatments affect the course of tic disorders. Whenever the efficacy of a treatment is assessed, the characteristic spontaneous fluctuations of tics must be taken into account.
Although there have been many publications about treatments for chronic tic disorders, the evidence for the efficacy of any particular treatment is weak. Controlled trials are available for some typical neuroleptic drugs (haloperidol, pimozide) and some atypical ones (risperidone, ziprasidone), but all of these were carried out on small groups of subjects over periods of no more than 8 weeks (21) (22) (23) . A Cochrane review that was slated for publication could not be prepared because of the poor state of the data (Pierce & Rickards, DOI: 10.1002/14651858.CD008151). In controlled studies, behavior-therapeutic approaches have been found moderately efficacious (up to EF 0.68) against moderately severe tics (24, 25) .
Pharmacotherapy
In Germany, dopamine-receptor antagonists (neuroleptic drugs) are considered the substances of first choice for the treatment of tics (26) . Haloperidol is the only medication that is approved in Germany for the treatment of Tourette syndrome, and its use for this purpose is supported by the highest level of evidence (EBM level I); nevertheless, it is hardly used any more because of its known side effects. Nearly all medically treated patients now receive off-label treatment with atypical neuroleptic drugs, although there have been only a few controlled trials of their use for this indication (26) . Their most common adverse effects are fatigue, increased appetite, weight gain, sexual dysfunction, and akathisia (26) .
Treatment with dopamine-receptor antagonists should be started at a low dose that is then gradually increased until either a therapeutic benefit is seen or intolerable side effects arise. The dose may need to be adjusted later because of spontaneous fluctuations of the tic(s); in children, the dose may need to be increased to keep up with bodily growth. Tolerance can also develop (26) . The agents of first choice for use in children are currently tiapride, risperidone, and aripiprazole; for adults, the German Neurological Association, in its guidelines, recommends tiapride, sulpiride, and risperidone (recommendation level A for each), as well as aripiprazole (recommendation level B) (Table) . A retrospective open-label trial of sulpiride for the treatment of Tourette syndrome has been published, with 63 participating patients (27) , but there has not yet been any study of amisulpride, which might have a more favorable side-effect profile (28) .
Unfortunately, the very poor state of the data currently allows no definitive recommendation about treatment (26) . Aripiprazole seems to have a better side-effect profile than other atypical neuroleptic drugs (e32). Further alternatives include other atypical neuroleptic drugs, pimozide, combinations of the substances just named, tetrabenazine, topiramate, and (in selected cases) local botulinum-toxin injections and cannabinoids (Table) . Clonidine is used preferentially in English-speaking countries (29) , even though its tic-suppressing effect is rather weak in comparison to that of the neuroleptics mentioned above (e33, e34) .
Behavior therapy
Habit reversal training (HRT) was recently introduced as an alternative to drug therapy for tics. In HRT, the patient prevents the occurrence of a tic by performing a previously learned alternative behavior instead. This method lessens the frequency of tics by about 30% (24, 25) . Comparable results can be obtained with exposure and response prevention (ERP), a strategy for interrupting the automatism described by many patients in which a premonitory urge is necessarily followed by a tic. A European expert commission recently recommended that behavior therapy (if available) should always be tried before drug treatment (24) . Behavior therapy often fails because of inadequate motivation, particularly in children.
Deep brain stimulation
Very severely affected adult patients with medically intractable Tourette syndrome may benefit from deep brain stimulation (30, 31) . The initial findings of open uncontrolled trials and small controlled trials suggest that deep brain stimulation not only lessens the frequency of tics but also improves comorbid psychiatric disorders, including obsessive-compulsive symptoms, depression, anxiety, and autoaggression. The optimal target for deep brain stimulation has not yet been conclusively identified (30) . The procedure is occasionally complicated by infection and rarely by intracerebral hemorrhage. The most common stimulation-induced side effects are fatigue, lack of energy, visual disorders, and dizziness (32) (Table) .
The treatment of comorbidities
It is recommended that psychiatric disorders accompanying Tourette syndrome should be treated in the same way as when they occur in the absence of Tourette syndrome. Alongside drug therapy, psychotherapeutical interventions are an important component of the multimodal treatment concept, particularly for children. Selective serotonin reuptake inhibitors (SSRI) are the mainstay of drug treatment for obsessive-compulsive symptoms, anxiety, and depression; fluoxetine is the only one approved for use in children aged 8 or older. Methylphenidate is the drug of first choice for treatment of ADHD in patients with comorbid tics. Multiple independent trials and a meta-analysis have unequivocally shown that methylphenidate does not cause any lasting worsening of the tics (e33, e35) . Alternative drugs include atomoxetine and clonidine, alone or in combination with methylphenidate (1, e35) .
Conclusions
Many patients with chronic tic disorders and Tourette syndrome have such mild tics that they need no treatment. Psychoeducation of the patient, his or her family, and other persons who interact with the patient in everyday life is essential to prevent stigmatization. For tic disorders that are severe enough to The pediatric doses do not differ fundamentally from the adult ones. Doses generally do not need to be calculated by age, weight, or height; rather, the dose should be gradually increased according to clinical need and tolerability. On the other hand, treatment should be stopped even at a low dose, if necessary, if unacceptable side effects arise (fatigue, weight gain). Many children tolerate neuroleptic drugs well even at high doses, while many adults develop severe side effects even at low doses. Clearly, the degree of toleration of neuroleptic drugs seems to depend mainly on the patient's genetic predisposition, rather than on age and weight. (Table modified require treatment, the available therapeutic options are still unsatisfactory. Genetic studies are expected to provide the basis for new approaches to the pharmacotherapy of tic disorders.
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